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WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 'LJLWDO (QWHUSULVH 7HFKQRORJ\  '(7  ± ³,QWHOOLJHQW 0DQXIDFWXULQJ LQ
WKH .QRZOHGJH (FRQRP\ (UD
5HVHDUFK RQ WKH PHFKDQLVP RI FXUYDWXUH DERXW FRPSOH[ VXUIDFH EDVHG RQ
ILYHD[LV IODQN PLOOLQJ
=KL\RQJ 6RQJDE /LSLQJ :DQJD :HQMLDQ 7DRE 4LQJ]KDR /LE :HL :DQJD
D 6FKRRO RI 0HFKDWURQLFV (QJLQHHULQJ 8QLYHUVLW\ RI (OHFWURQLF 6FLHQFH DQG 7HFKQRORJ\ RI &KLQD 1R  ;L\XDQ $YH :HVW +L7HFK =RQH &KHQJ'X 
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$EVWUDFW
&XUYDWXUH DQG FXUYDWXUH FRQWLQXLW\ DV WZR RI WKH PDLQ JHRPHWU\ FKDUDFWHULVWLFV RI FRPSOH[ VXUIDFH FDXVH VLJQLILFDQW LQIOXHQFH WR WKH VXUIDFH
TXDOLW\ LQ WKH ILYHD[LV IODQN PLOOLQJ )LUVWO\ WKH FXUYDWXUH FRQWLQXLW\ JUDGH LQ GLIIHUHQW FRPSOH[ VXUIDFHV KDYH EHHQ GHILQHG DFFXUDWHO\ E\
LQWURGXFLQJ WKH EDVLF FRQFHSW DERXW FXUYDWXUH DQG FXUYDWXUH FRQWLQXLW\ 6HFRQGO\ WKH UHODWLRQVKLS EHWZHHQ FXUYDWXUH FXUYDWXUH FRQWLQXLW\ DQG
WKH PDFKLQH WRROV PRYHPHQW DUH DQDO\]HG WKHRUHWLFDOO\ LW FDQ EH JRWWHQ WKDW GLIIHUHQW FXUYDWXUH DQG FRQWLQXLW\ PD\ OHDG WR GLIIHUHQW PDFKLQH
WRROV PRYHPHQW ODZ /DVWO\ VLPXODWLRQ UHVXOWV YHULI\ WKH FRUUHFWLRQ DERXW WKHRUHWLFDO DQDO\VLV ZKLFK LV FRLQFLGHQW ZLWK WKH WKHRUHWLFDO DQDO\VLV
7KH PHFKDQLVP EHWZHHQ FXUYDWXUH FXUYDWXUH FRQWLQXLW\ DQG PDFKLQH WRROV PRYHPHQW FRQWULEXWHV WR DFKLHYH WKH RSWLPL]DWLRQ DQG
LPSURYHPHQW RI FRPSOH[ VXUIDFH TXDOLW\
  7KH $XWKRUV 3XEOLVKHG E\ (OVHYLHU %9
3HHUUHYLHZ XQGHU UHVSRQVLELOLW\ RI WKH 6FLHQWLILF &RPPLWWHH RI WKH ³WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 'LJLWDO (QWHUSULVH 7HFKQRORJ\  '(7

.H\ZRUGV FXUYDWXUH FXUYDWXUH FRQWLQXLW\ PHFKDQLVP ILYHD[LV IODQN PLOOLQJ
 ,QWURGXFWLRQ
:LWK WKH UDSLG GHYHORSPHQW RI PDQXIDFWXUH LQGXVWU\
WUDGLWLRQDO WKUHHD[LV PDFKLQLQJ KDV EHHQ XQDEOH WR PHHW WKH
UHTXLUHPHQW RI PDQ\ SURGXFWV SURFHVVLQJ ILYHD[LV &1&
PDFKLQH WRROV DV LWV KLJK FXWWLQJ DFFXUDF\ DQG PDFKLQLQJ
HIILFLHQF\ LV ZLGHO\ XVHG LQ GLIIHUHQW NLQGV RI SURGXFWV
SURFHVVLQJ HVSHFLDOO\ LQ WXUELQH PDFKLQHU\ DYLDWLRQ SDUWV
DQG FRPSOH[ VXUIDFH ZKLFK KDV VKRZQ REYLRXV DGYDQWDJHV>@
'XULQJ WKH ILYHD[LV PDFKLQLQJ WKH FRPSOH[LW\ RI VXUIDFH
PD\ OHDG WR D IHZ VKRUWFRPLQJV VXFK DV WKH PDFKLQLQJ HUURU
LV KDUG WR FRQWURO DQG WRRO SDWK VPRRWKLQJ GHJUHH LV XQDEOH WR
PHHW GHPDQGV )ODQN PLOOLQJ DV D NLQG RI LPSRUWDQW FRPSOH[
VXUIDFH SURFHVVLQJ PHWKRGV RZQ YHU\ H[FHOOHQW FDSDELOLWLHV
HVSHFLDOO\ LQ DHURVSDFH SDUWV WXUELQH EODGHV DQG UXOHG VXUIDFH
SURFHVVLQJ>@ +RZHYHU LW PD\ FDXVH WKDW WKH FXWWLQJ TXDOLW\
FDQ QRW PHHW WKH DFFXUDF\ UHTXLUHPHQW EHFDXVH RI D YDULHW\ RI
JHRPHWULF FKDUDFWHULVWLFV RI FRPSOH[ VXUIDFH 5HVHDUFK VKRZV
WKDW WKH FXUYDWXUH RI FRPSOH[ VXUIDFH LV D NH\ IDFWRU IRU
PDFKLQLQJ HUURU VWXG\LQJ WKH PHFKDQLVP RI FXUYDWXUH ZKLFK
LV FRQWULEXWH WR UHYHDO WKH UHODWLRQVKLS EHWZHHQ FXUYDWXUH DQG
ILYHD[LV &1& PDFKLQH WRROV PRWLRQ DQG DFKLHYH WKH
RSWLPL]DWLRQ DQG LPSURYHPHQW RI FRPSOH[ VXUIDFH TXDOLW\
=KHQ\XDQ -,$ HW DO>@ VWXGLHG WKH UHODWLRQVKLS EHWZHHQ WKH
VXUIDFH FXUYDWXUH ILYHD[LV &1& PDFKLQH WRROV FXWWLQJ IRUFH
DQG VXUIDFH HUURU SDSHU >@ SURSRVHG D IOH[LEOH DFFHOHUDWLRQ
DQG GHFHOHUDWLRQ 185%6 LQWHUSRODWRU EDVHG RQ VXUIDFH
FXUYDWXUH SURSHUWLHV SDSHU >@ SURSRVHG WKDW WKH WRRO SDWK
SODQQLQJ VKRXOG WDNH IXOO DFFRXQW RI WKH PDFKLQH¶V NLQHPDWLFV
DQG G\QDPLFV FKDUDFWHULVWLFV +RZHYHU WKHUH LV QR UHSRUW
DERXW WKH UHODWLRQVKLS EHWZHHQ WKH FXUYDWXUH DQG WKH PRWLRQ
RI WKH ILYHD[LV &1& PDFKLQH WRROV
,W LV XQDYRLGDEOH WR FXW WKH FRPSOH[ VXUIDFH ZLWK D YDULHW\
RI FXUYDWXUH ZKLFK FDXVH WKH GHFOLQH RI VXUIDFH TXDOLW\ LQ
DFWXDO FXWWLQJ WKHUHIRUH ZH PD\ FRQFOXGH WKDW FXUYDWXUH
FKDUDFWHULVWLFV RI FRPSOH[ VXUIDFH LV D ZHDN SRLQW RI WKH
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PDFKLQH WRRO FXWWLQJ ,Q WKLV SDSHU ZH ZLOO VWXG\ WKH PRWLRQ
ODZ RI PDFKLQH WRRO EDVHG RQ WKH FXUYDWXUH DQG WKH FXUYDWXUH
FRQWLQXLW\ WR H[SODLQ WKH PHFKDQLVP RI FXUYDWXUH
 7KH FRQFHSW RI FXUYDWXUH DQG LWV PHFKDQLVP
 7KH FRQFHSW DERXW FXUYDWXUH DQG FXUYDWXUH FRQWLQXLW\
 &XUYH DQG VXUIDFH FXUYDWXUH
&XUYDWXUH LV RQH RI WKH PDLQ LQGH[HV WR HYDOXDWH WKH
JHRPHWULF FKDUDFWHULVWLFV RI WKH FXUYH LW UHIOHFWV WKH FDPEHU RI
WKH FXUYH *HQHUDO SDUDPHWHU VSDFH FXUYH Ƚ HTXDWLRQV LV
U UW U[W \W ]W LWV FXUYDWXUH FDQ EH H[SUHVVHG DV
 
  


























   
   
   
 
\ W ] W ] W [ W [ W \ W
\ W ] W ] W [ W [ W \ WU W U W
N
U W [ W \ W ] W
ª º
« » 
« »u ¬ ¼ 
 

,Q WKH IRUPXOD 
 U W DQG 

 U W UHSUHVHQW ILUVW GHULYDWLYH
DQG VHFRQG GHULYDWLYH RI WKH FXUYH Ƚ UHVSHFWLYHO\
7KH EHQGDELOLW\ RI FXUYHG VXUIDFH FDQ EH GHVFULEHG E\ WKH
*DXVV FXUYDWXUH ZKLFK LV WKH SURGXFW RI WZR SULQFLSDO
FXUYDWXUH RI DUELWUDU\ SRLQW RQ WKH VXUIDFH 7KH H[SUHVVLRQ RI
VSDFH FXUYHG VXUIDFH  LV U UXWYW VR WKH *DXVV
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,Q WKLV IRUPXOD N N UHSUHVHQW WKH PD[LPXP DQG
PLQLPXP YDOXHV RQ VXUIDFH FXUYDWXUH LQ DQ\ SRLQW RQ DOO WKH
PDLQ GLUHFWLRQ UHVSHFWLYHO\ ( ) * / 1 0 UHSUHVHQW WKH
ILUVW DQG VHFRQG FDWHJRULHV RI EDVLF TXDQWLW\ RQ WKH VXUIDFH
 &XUYH DQG VXUIDFH FXUYDWXUH FRQWLQXLW\
7KH FRQWLQXLW\ RI FXUYH DQG VXUIDFH LV DQ HYDOXDWLRQ ZD\
ZKLFK GHVFULEHV WKH VPRRWKQHVV OHYHO RI WZR FXUYHV RU WZR
VXUIDFHV ZKHQ WKH\ DUH FRQQHFWLQJ $FFRUGLQJ WR WKH TXDOLW\
RI WKH OHYHO RI FRQQHFWLRQ VPRRWKQHVV WKH FRQWLQXLW\ FDQ EH
GLYLGHG LQWR * FRQWLQXLW\ * FRQWLQXLW\ *
FRQWLQXLW\ ĂĂ  PHDQZKLOH WKH XSZDUG WUHQG DORQJ WKH
FXUYH RU VXUIDFH LQGLFDWHV WKDW WKH FRQQHFWLRQ LV PRUH VPRRWK
'HVFULELQJ DQG MXGJLQJ WKH FXUYH VXUIDFH FRQWLQXRXV JUDGH
DFFXUDWHO\ LV WKH EDVLV IRU VWXG\LQJ PDFKLQH WRROV PHFKDQLVP
XQGHU GLIIHUHQW FXUYDWXUH FRQWLQXLW\
ķ * FRQWLQXLW\
* FRQWLQXLW\ DOVR FDOOHG SRVLWLRQ FRQWLQXLW\ PHDQV WKDW
WKH FRQWDFW HQGSRLQWV ERXQGDU\ EHWZHHQ D FXUYH VXUIDFH
DQG DQRWKHU FXUYH VXUIDFH LV FRLQFLGHQW DQG WKHQ LW LV
FRQVLGHUHG WKH FXUYH VXUIDFH REH\ * FRQWLQXLW\ LQ WKLV
FRQQHFWLRQ HQGSRLQW ERXQGDU\ ,W FDQ EH H[SUHVVHG DV
 
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,Q WKLV IRUPXOD WKH I[ DQG I[ LQGLFDWH GLIIHUHQW FXUYHV
VXUIDFHV UHVSHFWLYHO\ DQG WKH [ UHSUHVHQWV WKH HQGSRLQW
ERXQGDU\ * FRQWLQXLW\ FDQ EH UHSUHVHQWHG E\ WKH GLDJUDP
VKRZQ LQ )LJXUH
)LJ * FRQWLQXLW\ )LJ * FRQWLQXLW\
ĸ * FRQWLQXLW\
* FRQWLQXLW\ LV JHQHUDOO\ FDOOHG WDQJHQW FRQWLQXLW\ WZR
FXUYHV VXUIDFHV VKDUH WKH VDPH WDQJHQW DW WKH FRQQHFWLRQ
SRLQW LQ WKH EDVLV RI REH\LQJ * FRQWLQXLW\ ZKLFK LV PRUH
VPRRWK WKDQ * FRQWLQXLW\ DW WKH HQGSRLQW ERXQGDU\ DV
VKRZQ LQ )LJ 7KH PDWKHPDWLFDO H[SUHVVLRQ LV
 
 OLP 
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I¶[ DQG I¶[ UHSUHVHQW WKH WDQJHQW YHFWRU RI WZR FXUYHV
VXUIDFHV DW WKH FRQQHFWLRQ SRLQW DQG WKH [ UHSUHVHQWV WKH
FRQQHFWLRQ HQGSRLQW ERXQGDU\
Ĺ * FRQWLQXLW\
* FRQWLQXLW\ LV JHQHUDOO\ FDOOHG FXUYDWXUH FRQWLQXLW\ LW
HQVXUHV WKH VDPH FXUYDWXUH IRU WZR FXUYHV VXUIDFHV DW
FRQQHFWLRQ SRLQW ZKLFK LV EDVHG RQ * DQG * FRQWLQXLW\ LW
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,Q WKH IRUPXOD I¶¶[ DQG I¶¶[ UHSUHVHQW WKH FXUYDWXUH RI WZR
FXUYHV VXUIDFHV DW WKH FRQQHFWLRQ SRLQW DQG WKH [ UHSUHVHQWV
WKH HQGSRLQW ERXQGDU\
)URP WKH DERYH DQDO\VLV ZH PD\ JHW WKDW ZLWK WKH
FXUYDWXUH FRQWLQXLW\ LPSURYLQJ WKH VPRRWK RI FXUYH VXUIDFH
EHFRPH EHWWHU
)LJ * FRQWLQXLW\
 6WXG\ RQ PHFKDQLVP RI FXUYDWXUH
 6WXG\ WKH UHODWLRQVKLS EHWZHHQ FXUYDWXUH DQG
DFFHOHUDWLRQ
,Q WKH DFWXDO FXWWLQJ WKH VXUIDFH TXDOLW\ EHFRPHV GLIIHUHQW
ZLWK YDULRXV FXUYDWXUH 7KH PRWLRQ RI FXWWHU VKDIW LV DQDO\]HG
ZKHQ LW LV IODQN PLOOLQJ GLIIHUHQW VXUIDFHV ZLWK YDULRXV
FXUYDWXUH DV VKRZQ LQ )LJ ,Q WKH SLFWXUH WRRO PRYHV DORQJ
ZLWK WKH DUF ZKRVH UDGLXV LV 5 IURP SRVLWLRQ % WR SRVLWLRQ %
DW WKH VSHHG RI 9 T' LV WKH YDULDWLRQ DQJOH 9[ 9\ DQG 9[
9\ PHDQ WKH YHORFLW\ LQ [ \ GLUHFWLRQV UHVSHFWLYHO\ IURP
SRVLWLRQ % WR SRVLWLRQ %
)LJ  7RRO PRWLRQ GLDJUDPPDWLF VNHWFK
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)URP )LJ WKH WLPH WRRO VSHQG LQ WRWDO SURFHVV FDQ EH
FDOFXODWHG DV VKRZQ LQ WKH IRUPXOD 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7KXV WKH DYHUDJH DFFHOHUDWLRQ LQ [ \ GLUHFWLRQV DERXW WRRO
FDQ EH FDOFXODWHG DV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)URP HTXDWLRQ  ZH PD\ JHW WKH FRQFOXVLRQ ZKHQ WKH
IHHG VSHHG LV FRQVWDQW DFFHOHUDWLRQ LQFUHDVHV ZLWK WKH
DXJPHQW RI FXUYDWXUH ZKHQ WKH FXUYDWXUH LV FRQVWDQW
DFFHOHUDWLRQ DXJPHQWV ZLWK WKH IHHG UDWH LQFUHDVLQJ
 6WXG\ RQ WKH UHODWLRQVKLS EHWZHHQ FXUYDWXUH FRQWLQXLW\
DQG PDFKLQH WRRO PRYHPHQW
(TXDWLRQ  UHYHDOV WKH UHODWLRQVKLS EHWZHHQ FXUYDWXUH
IHHG VSHHG DQG DFFHOHUDWLRQ KRZHYHU WKH FRQWLQXLW\ OHYHO RI
FXUYHG VXUIDFH LV GHWHUPLQHG E\ WKH VXUIDFH FXUYDWXUH ZKHQ
WKH PDFKLQH WRRO FXWWLQJ GLIIHUHQW FXUYDWXUH FRQWLQXLW\ VXUIDFH
LWV PRYHPHQW ZLOO DOVR DSSHDU GLIIHUHQW ODZ
ķ 7KH UHODWLRQVKLS EHWZHHQ * FRQWLQXLW\ DQG PDFKLQH WRRO
PRYHPHQW
)LJ LV D PRWLRQ VFKHPDWLF ZKHQ WRRO PRYHV RQ WKH *
FRQWLQXRXV VXUIDFH ,Q WKH ILJXUH WZR FXUYHV 22 22 REH\
* FRQWLQXLW\ DW WKH SRLQW 2 WKH WRRO PRYHV IURP SRLQW $ WR
SRLQW % DORQJ WKH FXUYH DW WKH IHHG VSHHG RI Y $FFRUGLQJ WR
WKH PRWLRQ UHODWLRQVKLS WKH YHORFLW\ DFFHOHUDWLRQ DQG MHUN
FDQ EH REWDLQHG DW SRLQW $ DQG SRLQW % LW FDQ EH H[SUHVVHG LQ
IRUPXOD  DQG  UHVSHFWLYHO\
)LJ  7KH VFKHPDWLF GLDJUDP WRRO PRYHPHQW LQ WKH * FRQWLQXRXV VXUIDFH








9 Y $ Y - Y
9 Y $ Y - Y
T T T
T T T
    ­ ­ ­° ° ° ® ® ®   ° ° °¯ ¯ ¯









9 Y $ Y - Y
9 Y $ Y - Y
T T T
T T T
    ­ ­ ­° ° ° ® ® ®   ° ° °¯ ¯ ¯

$V  T T!  VR
$[ %[ $[ %[ $[ %[
$\ $\ $\ $\ $\ $\
9 9 $ $ - -
9 9 $ $ - -
  ­ ­ ­° ° °
® ® ®! ! !° ° °¯ ¯ ¯
ˈ ˈ 
)RUPXOD  LQGLFDWHV WKDW WRRO¶V YHORFLW\ DFFHOHUDWLRQ DQG
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)URP HTXDWLRQ  WKH WRRO¶V LPSXOVH KDV FKDQJHG GXH WR WKH
* FRQWLQXLW\ DW WKH SRLQW 2 WKH FKDQJH RI LPSXOVH ZLOO
FDXVH LPSDFW WR PDFKLQH WKH LQHUWLDO IRUFH FDQ EH H[SUHVVHG
DV
  P Y YI
W
 
(TXDWLRQ  VKRZV WKDW WKH LQHUWLDO IRUFH WHQGV WR LQILQLW\ LQ
WKHRU\ DV WKH YHORFLW\ PXWDWLRQ LQ D VKRUW WLPH ZKLFK ZLOO
FDXVH JUHDW LPSDFW WR WKH WRRO ,W FDQ EH FRQFOXGHG *
FRQWLQXLW\ UHVXOW LQ WKH FKDQJH RI WRRO YHORFLW\ DFFHOHUDWLRQ
DQG MHUN DQG FDXVH LPSDFW WR WKH PDFKLQH
ĸ 7KH UHODWLRQVKLS EHWZHHQ * * FRQWLQXLW\ DQG PDFKLQH
WRRO PRYHPHQW
$V VKRZQ LQ )LJ WKH WRRO PRYHV IURP SRLQW $ WR % DORQJ
WKH VXUIDFH $% DW WKH IHHG VSHHG RI Y $W WKH SRLQW % WKH WRRO
H[SHULHQFH WKUHH GLIIHUHQW VXUIDFHV %& %' DQG %(
UHVSHFWLYHO\ WKH FRQQHFWLQJ VHJPHQWV RI VXUIDFH $% DQG %&
REH\ * FRQWLQXLW\ WKH FRQQHFWLQJ VHJPHQWV RI VXUIDFH $%
DQG %' REH\ LQIOH[LRQ FRQWLQXLW\ DV WKH VXUIDFH FRQFDYLW\ DQG
FRQYH[LW\ LV GLIIHUHQW DW WKH SRLQW % ZKLFK LV WKH VSHFLDO FDVH
RI * FRQWLQXLW\ 0HDQZKLOH WKH FRQQHFWLRQ VHFWLRQ $% DQG
%( REH\ * FRQWLQXLW\ 7KH WRRO PRWLRQ VLWXDWLRQ RQ WKUHH
GLIIHUHQW VXUIDFHV FDQ EH DQDO\]HG UHVSHFWLYHO\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)LJ 7KH VFKHPDWLF GLDJUDP FXWWLQJ WRRO PRYHPHQW LQ WKH ** FRQWLQXRXV
VXUIDFH
:KHQ WKH WRRO PRYLQJ IURP VXUIDFH $% WR %& DW WKH IHHG
VSHHG RI Y WKH DFFHOHUDWLRQ YDOXH FKDQJHV DW WKH SRLQW % DV
WKH FKDQJH RI VXUIDFH FXUYDWXUH EXW WKH GLUHFWLRQ GRVH QRW
FKDQJH DV WKH VXUIDFH FRQFDYLW\ DQG FRQYH[LW\ LV VDPH
DFFRUGLQJ WR WKH SDUW  LQ FKDSWHU  +RZHYHU ZKHQ WKH
WRRO PRYLQJ IURP $% WR %' WKH DFFHOHUDWLRQ GLUHFWLRQ
FKDQJHV UHYHUVHO\ WKH YDOXH DOVR FKDQJHV DV WKH VXUIDFH
FKDQJHV IURP FRQFDYLW\ WR FRQYH[LW\ 7KH VFKHPDWLF
GLDJUDP DERXW DFFHOHUDWLRQ GLUHFWLRQ LV VKRZQ LQ )LJ
D 6FKHPDWLF GLDJUDP DERXW DFFHOHUDWLRQ PRWLRQ RI * FRQWLQXLW\ LQ ; GLUHFWLRQ
E 6FKHPDWLF GLDJUDP DERXW DFFHOHUDWLRQ PRWLRQ RI LQIOH[LRQ FRQWLQXRXV LQ ;
GLUHFWLRQ
)LJ 7KH DFFHOHUDWLRQ GLUHFWLRQ RI WRRO LQ WKH ; D[LV GLUHFWLRQ DIWHU SDVVLQJ
WKURXJK WKH % SRLQW * FRQWLQXLW\ 	 LQIOHFWLRQ FRQWLQXRXV
&RPSDUHG WR WKH * FRQWLQXLW\ DQG LQIOHFWLRQ FRQWLQXLW\
WKH * FRQWLQXLW\ LV PRUH VPRRWK WKHUH LV QR DFFHOHUDWLRQ
PXWDWLRQ DV WKH FXUYDWXUH LV FRQVWDQW ZKLFK ZLOO QRW FDXVH
WKH LPSDFW WR PDFKLQH WRRO
 6LPXODWLRQ DQDO\VLV
,Q RUGHU WR YHULI\ WKH FRUUHFWQHVV RI WKHRUHWLFDO DQDO\VLV LQ
FKDSWHU  ZH FRQVWUXFW D QHZ VSHFLPHQ DV VKRZQ LQ )LJ
ZKLFK RZQ DOO WKH FXUYDWXUH SURSHUWLHV 6SHFLPHQ FRQVLVWV RI
VXUIDFH $ DQG VXUIDFH % VXUIDFH $ LV IRUPHG E\ VL[ GLIIHUHQW
VXUIDFHV ZLWK FRQVWDQW FXUYDWXUH WKH\ DUH $ $ $ $
$ DQG $ WKH FXUYDWXUH RI VXUIDFH $ DQG $ DUH ]HURV VR
WKH VXUIDFH $ LV FDOOHG FRQVWDQW FXUYDWXUH VXUIDFH 6XUIDFH %
LV D UXOHG VXUIDFH FRQVWUXFWHG E\ WKUHH TXDVLXQLIRUP %VSOLQH
FXUYH ZKRVH FXUYDWXUH LV FKDQJLQJ FRQVWDQWO\ VXUIDFH % LV
GLYLGHG LQWR WZR VXUIDFHV % DQG % DFFRUGLQJ WR WKH
FRQFDYLW\ DQG FRQYH[LW\ RI VXUIDFH VR VXUIDFH % LV FDOOHG
YDULRXV FXUYDWXUH VXUIDFH DV VKRZQ LQ )LJ 7KH VSHFLPHQ
FDQ EH XVHG WR WHVW WKH VXUIDFH SURFHVVLQJ FDSDFLW\ RI WKH
PDFKLQH E\ XVLQJ WKH VHUYR V\VWHP VLPXODWLRQ SODWIRUP RI WKH
ILYHD[LV &1& PDFKLQH WRRO DQG VLPXODWH WKH SURFHVVLQJ RI
WKH VSHFLPHQ DQDO\]H WKH PRWLRQ FKDUDFWHULVWLFV RI HDFK D[LV
GXULQJ SURFHVVLQJ WKHQ FRPSDULQJ ZLWK WKH WKHRUHWLFDO
DQDO\VLV UHVXOWV LQ FKDSWHU 
D 7KUHHGLPHQVLRQDO YLHZ RI WKH VSHFLPHQ E $ SODQ YLHZ RI WKH VSHFLPHQ
)LJ  6SHFLPHQ XVHG WR WHVW VXUIDFHV SURFHVVLQJ FDSDFLW\ RI WKH PDFKLQH
$OO FRQVWDQW FXUYDWXUH VXUIDFHV FRQVWLWXWHG VXUIDFH $
REH\ * FRQWLQXLW\ WKH MXQFWLRQ FRPELQHG HDFK FRQVWDQW
FXUYDWXUH VXUIDFH REH\ * FRQWLQXLW\ WKH MXQFWLRQ EHWZHHQ
VXUIDFH $ DQG $ REH\ LQIOH[LRQ FRQWLQXLW\ WKH FXUYDWXUH
GLVWULEXWLRQ RI VSHFLPHQ¶V $ SODQH LV VKRZHG LQ ILJXUH D
WKH PHDQ FXUYDWXUH LV PP 7KH MXQFWLRQ EHWZHHQ
VXUIDFH % DQG % REH\ LQIOH[LRQ FRQWLQXLW\ DQG RWKHU
VXUIDFHV REH\ * FRQWLQXLW\ LQ VXUIDFH % WKH FXUYDWXUH
GLVWULEXWLRQ RI VSHFLPHQ¶V % SODQH LV VKRZHG LQ ILJXUH E
)URP WKH SLFWXUH ZH FDQ VHH WKDW WKH FXUYDWXUH
GLVWULEXWLRQ LV YDULRXV DQG WKH PHDQ FXUYDWXUH LV
PP 7KH SURILOH RI VSHFLPHQ FXUYDWXUH FRQWLQXLW\
LV VKRZHG LQ )LJ




















D &XUYDWXUH GLVWULEXWLRQ RI VSHFLPHQ¶V $ SODQH
















E &XUYDWXUH GLVWULEXWLRQ RI VSHFLPHQ¶V % SODQH
)LJXUH &XUYDWXUH GLVWULEXWLRQ RI VSHFLPHQ
)LJ 3URILOH RI VSHFLPHQ FXUYDWXUH FRQWLQXLW\
 6LPXODWLRQ DERXW WKH UHODWLRQVKLS DFFHOHUDWLRQ DQG
FXUYDWXUH
7KH WRROV¶ PRYHPHQW DW GLIIHUHQW FXUYDWXUHV DQG FXUYDWXUH
FRQWLQXLW\ FDQ EH JRWWHQ E\ HQWHULQJ WKH 1& FRGH DERXW WKH
VSHFLPHQ LQWR WKH PDFKLQH WRROV VHUYR VLPXODWLRQ SODWIRUP WR
VLPXODWH WKH &1& PDFKLQH WRRO PRWLRQ GXULQJ WKH SURFHVVLQJ
7KH DFFHOHUDWLRQ FKDQJH GLDJUDP DERXW GULYH VKDIW DQG
URWDWLRQ VKDIW LQ VXUIDFH $ DQG VXUIDFH % DUH VKRZQ LQ )LJ 
DQG )LJ  UHVSHFWLYHO\
555 Zhiyong Song et al. /  Procedia CIRP  56 ( 2016 )  551 – 555 






































D $FFHOHUDWLRQ FKDQJH RI WKH GULYH VKDIW





































E $FFHOHUDWLRQ FKDQJH RI WKH D[LV RI URWDWLRQ
)LJ 7KH PRYHPHQW RI GULYH DQG URWDWLRQ VKDIW RQ VXUIDFH $











































































E $FFHOHUDWLRQ FKDQJH RI WKH D[LV RI URWDWLRQ
)LJ 7KH PRYHPHQW RI GULYH DQG URWDWLRQ VKDIW RQ VXUIDFH %
)URP )LJ DQG )LJ LW FDQ EH JRWWHQ WKDW WKH
DFFHOHUDWLRQ LV ODUJH DW WKH ODUJH FXUYDWXUH WKH DFFHOHUDWLRQ
DQG FXUYDWXUH DUH SRVLWLYH FRUUHODWLRQ LQ WKH FRQVWDQW VSHHG
UDWH ZKLFK YHULI\ WKH FRQFOXVLRQV LQ FKDSWHU 
 6LPXODWLRQ RQ WKH UHODWLRQVKLS EHWZHHQ FXUYDWXUH
FRQWLQXLW\ DQG PDFKLQH NLQHPDWLFV
)URP )LJ DV WKH FXUYDWXUH PXWDWLRQ PDFKLQH WRRO¶V
HDFK D[LV DFFHOHUDWLRQ DOVR PXWDWH DW WKH MXQFWLRQ RI *
FRQWLQXLW\ WKH PXWDWLRQ DQG WKH FXUYDWXUH YDOXH DUH SRVLWLYH
FRUUHODWLRQ LQ WKH LQIOHFWLRQ FRQWLQXLW\ WKH DFFHOHUDWLRQ
GLUHFWLRQ FKDQJHV UHYHUVHO\ WKH YDOXH DOVR FKDQJHV DV WKH
VXUIDFH FKDQJLQJ IURP FRQFDYLW\ WR FRQYH[LW\ ZKLFK LV
FRLQFLGHQW ZLWK WKHRUHWLFDO DQDO\VLV LQ FKDSWHU  LQ *
FRQWLQXLW\ ZLWK FRQVWDQW FXUYDWXUH WKHUH LV QR PXWDWLRQ
DFFHOHUDWLRQ ,Q )LJ WKH VDPH UHVXOWV FDQ EH JRWWHQ DV
)LJ
2Q WKH VLPXODWLRQ SODWIRUP WKH QRUPDO HUURU RI DIWHU
FXWWLQJ VSHFLPHQ LV PHDVXUHG E\ WDNLQJ PP PP PP
KHLJKW OLQH ZLWK  PHDVXUHPHQW SRLQWV UHVSHFWLYHO\ LQ WKH =
GLUHFWLRQ DW VXUIDFH $ DQG VXUIDFH % UHVSHFWLYHO\
7KH PHDVXUHPHQW HUURU LV VKRZQ LQ )LJ D DQG E
UHSUHVHQW HUURU GLVWULEXWLRQ LQ WKH VXUIDFH $ DQG VXUIDFH %
UHVSHFWLYHO\ IURP WKLV ILJXUH WKHUH DUH PDQ\ PXWDWLRQ HUURUV
LQ * FRQWLQXLW\ WKH HUURU DQG PXWDWLRQ YDOXH DUH SRVLWLYH
FRUUHODWLRQ LQ WKH LQIOHFWLRQ FRQWLQXLW\ HUURU FKDQJHV
UHYHUVHO\ ,Q WKH * FRQWLQXLW\ ZLWK FRQVWDQW FXUYDWXUH WKHUH
LV QR PXWDWLRQ HUURU &RPSDUHG ZLWK )LJD DQG E ZH
FDQ JHW WKDW GXULQJ WKH SURFHVVLQJ RI FRQVWDQW FXUYDWXUH DQG
YDULRXV FXUYDWXUH VXUIDFH ZLWK VLPLODU PHDQ FXUYDWXUH WKH
HUURU PLOOLQJ YDULRXV FXUYDWXUH VXUIDFH LV ODUJHU WKDQ WKH HUURU


























D (UURU GLVWULEXWLRQ LQ VXUIDFH $ E (UURU GLVWULEXWLRQ LQ VXUIDFH %
)LJ  (UURU GLVWULEXWLRQ RI VXUIDFH $ DQG %
 &RQFOXVLRQV
7KURXJK WKHRUHWLFDO DQDO\VLV DQG VLPXODWLRQ DERXW WKH
UHODWLRQVKLS EHWZHHQ FXUYDWXUH FXUYDWXUH FRQWLQXLW\ DQG
PRWLRQ WKH IROORZLQJ FRQFOXVLRQV FDQ EH JRWWHQ 
$FFHOHUDWLRQ DQG FXUYDWXUH YDOXH DUH SRVLWLYH FRUUHODWLRQ
ZKHQ WKH IHHG VSHHG LV FRQVWDQW  7KH YHORFLW\ DFFHOHUDWLRQ
DQG MHUN DW * FRQWLQXLW\ EUHDN VXGGHQO\ ZKLFK PD\ FDXVH
ODUJHVW LPSDFW WR PDFKLQH WRROV  $W * FRQWLQXLW\ WKH
DFFHOHUDWLRQ PXWDWLRQ DQG WKH FXUYDWXUH PXWDWLRQ DUH SRVLWLYH
FRUUHODWLRQ DV ZHOO DV WKH HUURU PXWDWLRQ  ,Q LQIOHFWLRQ
FRQWLQXLW\ WKH DFFHOHUDWLRQ GLUHFWLRQ FKDQJHV UHYHUVHO\
ZKLFK FDXVH WKH HUURU UHYHUVH  7KHUH LV QR DFFHOHUDWLRQ DQG
HUURU PXWDWLRQ DW WKH * FRQWLQXLW\ ZLWK FRQVWDQW FXUYDWXUH
ZKLFK LV D YHU\ LGHDO FRQWLQXLW\ EHWZHHQ FXUYHV VXUIDFHV
$FNQRZOHGJPHQWV 7KLV ZRUN LV VXSSRUWHG E\ 1DWLRQDO
6FLHQFH DQG 7HFKQRORJ\ 0DMRU 3URMHFW RI WKH 0LQLVWU\ RI
6FLHQFH DQG 7HFKQRORJ\ RI &KLQD =;
5HIHUHQFHV
>@ &KLK+VLQJ &KX -DQJ7LQJ &KHQ )LYH$[LV )ODQN 0DFKLQLQJ RI 5XOHG
6XUIDFHV ZLWK 'HYHORSDEOH 6XUIDFH $SSUR[LPDWLRQ>&@ 1LQWK
,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU $LGHG 'HVLJQ DQG &RPSXWHU
*UDSKLFV 
>@ <RXQJ +7 &KXDQJ /& *HUVFKZLOHU . .DPSV 6 $ ILYHD[LV URXJK
PDFKLQLQJ DSSURDFK IRU D FHQWULIXJDO LPSHOOHU>-@ ,QWHUQDWLRQDO -RXUQDO RI
$GYDQFHG 0DQXIDFWXULQJ 7HFKQRORJ\   
>@ 3HWHUQHOO 0 3RWWPDQQ + 5DYDQL % 2Q WKH FRPSXWDWLRQDO JHRPHWU\ RI
UXOHG VXUIDFHV>-@ &RPSXWHU$LGHG 'HVLJQ   
>@ =KHQ\XDQ -LD /LQJ :DQJ-LDQZHL 0DHW DO)HHG VSHHG VFKHGXOLQJ PHWKRG
IRU SDUWV ZLWK UDSLGO\ YDULHG JHRPHWULF IHDWXUH EDVHG RQ GULYH FRQVWUDLQW
RI 1& PDFKLQH WRRO>-@ ,QWHUQDWLRQDO -RXUQDO RI 0DFKLQH 7RROV 	
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